C hanges in land use, mainly cultivation in grasslands in the western
United States, have resulted in soil organic matter (SOM) losses by 30 to 50% (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) ) in the past century (Lal, 2002) and have thereby negatively affected soil health and resilience. The SOM plays an important role in maintaining soil health through its effects on microbial community, soil physical structure, nutrient cycling, and soil water storage (Cano et al., 2018) . Maintenance of SOM in an agroecosystem depends on the balance between biomass C inputs, their quality, and C loss from decomposition, leaching, and erosion. However, biomass production in hot, dry, semiarid agroecosystems is typically constrained by low precipitation and high temperature. It may take several years to realize the benefits of improved management practices on SOM accumulation and soil health improvement in such agroecosystems (Acosta-Martínez et al., 2010) . Early indication of changes in soil health could be measured by evaluating responses of labile SOM pools such as particulate organic matter (POM) and potassium permanganate oxidizable carbon (POXC) because these SOM pools have a short turnover time and are more sensitive to management changes (Culman et al., 2012; Sainju et al., 2012) . In addition, evaluation of multiple SOM pools helps in distinguishing land uses and ways to improve soil health and resilience in low productivity semiarid environments. There is still much to learn about the response of diverse land uses on belowground soil processes that supports SOM storage, nutrient cycling, and soil health improvement.
Management decisions that could increase soil organic carbon (SOC) storage, a proxy of SOM and soil health, can maximize the economic potential
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Abstract: Recent interest in improving soil health and resilience recognizes the role soil organic matter (SOM) plays in the living components and the essential functions they provide. A study was conducted to evaluate SOM components, including soil organic carbon (SOC), particulate organic matter, potassium permanganate oxidizable carbon (POXC), inorganic N, and wet aggregate stability as indicators of soil health under grazed native pasture, cropland converted to grassland, conventional-tilled grazed cropland, and no-tilled and strip-tilled croplands with no grazing. The SOC content was 36.9% greater in grasslands than croplands irrespective of grazing management, and POXC/SOC ratio was 41.2% greater in strip-tilled croplands than other land uses. Soil inorganic N was 270% greater in croplands than grasslands. The wet aggregate stability in conventionaltilled grazed cropland was 22.6% lower than other land uses. Restoring grasslands and livestock integration have potential to improve soil health and resilience in semiarid drylands through improvements in SOM dynamics.
of land and improve quantity as well as quality of crop production. Studies show that reduced soil disturbance and maintenance of soil cover can restore up to 70% of the SOC lost due to cultivation in native grasslands (e.g., Lal, 2002) . Specifically, reduced-and no-tillage management improved soil health in an intensively tilled agroecosystems through their effects on SOC dynamics, nutrients, and soil aggregation (Blanco-Canqui et al., 2009 ). Six years after establishment of grass-legume mixture in highly depleted croplands in eastern Wyoming, SOC accumulated at an average rate of 0.58 Mg ha -1 yr -1 in 0 to 0.3 m depth (Hurisso et al., 2013) . Similarly, livestock integration in cropping systems improved soil health by increasing microbial biomass and associated nutrient cycling, soil aggregation, and conservation of SOM and nutrients within aggregates (Franzluebbers and Stuedemann, 2008) . Conventional tillage alone, on the other hand, promoted SOC loss through physical breakdown of crop residues and disruption of aggregate-protected SOC (Six et al., 2000) .
The main objective of this study was to evaluate the effects of diverse land uses on SOM components and wet aggregate stability (WAS) as indicators of soil health at the surface (0-0.2 m) and subsurface (0.2-0.4 m) depths. Monitoring multiple SOM pools along with WAS will provide a comprehensive look to soil health indicators and help in identifying the most responsive indicators under diverse land uses in semiarid drylands.
Materials and Methods
The study was conducted at the New Mexico State University Agricultural Science Center (ASC) at Clovis, NM (34°35¢ N, 103°12¢ W, 1348 m elevation), and nearby farmers' fields. The study area has a semiarid climate with an average annual rainfall of 466 mm, 70% of which occurs between May and September. Average annual maximum and minimum temperatures are 22.1 and 4.28°C, respectively. The soil type for all the experimental plots is Olton clay loam (fine, mixed, superactive, thermic Aridic Paleustolls).
Land use systems compared included grazed native pasture (GNP), cropland converted to grassland (CCG), conventional-tilled winter grazed cropland (CTGC), and strip-tilled cropland (STC) and no-tilled cropland (NTC) with no grazing. ) by beef cattle throughout the year. The CCG was under the native grasses since 1965, and no biomass had been harvested or grazed since then. The CTGC field was under winter wheat (Triticum aestivum L.)-sorghum (Sorghum bicolor L.)-fallow rotation and grazed at low intensity during winter (December-February). The STC and NTC fields were under corn (Zea mays L.)-sorghum rotation since 2013 and under winter wheat-sorghumfallow before that. Tillage depth for CTGC and STC plots was 0.15 and 0.1 m, respectively. In recent years, corn and sorghum were planted using four row planter (John Deere) and wheat was planted using no-till drill (John Deere). Soil fertility management was based on soil test recommendations, and pest and disease management in each crop was performed by using chemicals as needed.
The NTC and STC were part of a randomized experiment and had 24-m by 30-m plots replicated three times, while CTGC, GNP, and CCG were spatially randomized 10-m by 10-m plots within a large field. Soil samples were collected from 0 to 0.2 m and 0.2 to 0.4 m depths of each plot in summer 2017 using a tractor-mounted Giddings hydraulic probe (Giddings Machine Company, Inc.) fitted with 4.5-cm-diam. plastic liner tubes. From each sample, approximately 50-g subsamples were air dried and sieved through a 4-mm sieve for WAS and POM each, while the remaining samples were air dried and gently ground to pass through a 2-mm sieve for soil pH, electrical conductivity (EC), SOC, and POXC analyses. Soil pH and EC were determined in 1:5 soil-to-water suspension and measured using electrodes (Smith and Doran, 1996) . Soil bulk density was determined by core method (Grossman and Reinsch, 2002) . The SOC content was determined in a LECO CHNS analyzer (LECO Corporation). Soil inorganic C content was removed by treating soils with a 6 mol L -1 HCl solution. The POM content at >250 mm was determined by a procedure outlined by Cambardella and Elliott (1992) , and POXC content by Culman et al. (2013) . The POXC/SOC ratio was calculated by dividing the POXC by SOC content. Soil inorganic N was determined by measuring nitrate (NO 3 -) and ammonium (NH 4 + ) ions in an automated flow injection N analyzer (Timberline Instruments, LLC), and the WAS (%) was measured by Cornell Sprinkle Infiltrometer method (Ogden et al., 1997) .
The data were statistically analyzed using the PROC GLM procedure in the SAS (v 9.4, SAS Institute, Cary, NC) for completely randomized experiments. All the comparisons were made at the significant probability level P < 0.05 unless otherwise stated.
Results
Soil pH was significantly lower at 0 to 0.2 m (pH = 6.7) than at 0.2 to 0.4 m (pH = 7.8), while it was not significantly different between land uses or land uses × sampling depths interaction. Soil EC was not significantly different between land uses, sampling depths, and their interaction. Soil bulk density was significantly lower at 0 to 0.2 m than at 0.2 to 0.4 m and did not differ among alternative land uses (Table 1) .
The SOC content was significantly different between land uses, sampling depths, and land uses × sampling depths interaction. Averaged across land uses, the SOC content was greater at 0 to 0.2 m than at 0.2 to 0.4 m. At 0 to 0.2 m depth, the SOC content was not significantly different between GNP and CCG. However, the grasslands stored approximately 36.9% more SOC than did croplands (CTGC, NTC, and STC). Within croplands, SOC content under CTGC was significantly greater than under STC, whereas the SOC under NTC was not significantly different from CTGC or from STC. No differences in SOC content were observed among land uses at 0.2 to 0.4 m depth.
Soil POM content also differed significantly between land uses, sampling depths, and land uses × sampling depths interaction. Soil POM at the 0 to 0.2 m depth was approximately 25.6 Mg ha -1 with the GNP system, which was significantly greater than all other land uses (Table 1 ). No differences in soil POM content were observed between the croplands at 0 to 0.2 m depth. Soil POM content in croplands was in between GNP and CCG as CCG had the lowest POM content. Soil POM content was not influenced by the land uses at 0.2 to 0.4 m depth.
Land uses, sampling depths, and land uses × sampling depths interaction did not affect soil POXC content at any depth, but POXC normalized to SOC content (POXC:SOC ratio) was significantly lower at the 0 to 0.2 m depth (0.03) than at the 0.2 to 0.4 m depth (0.05). Among land uses, the POXC/SOC ratio was significantly higher in STC than other land uses (Fig. 1a) , while it was not different between land uses × sampling depths interaction. The WAS, another indicator of soil health, was significantly lower under CTGC than all the other land uses in the 0 to 0.2 m depth. It was not significantly different between NTC and STC or between GNP and CCG (Fig. 1b) .
Soil inorganic N content was significantly different between land uses, sampling depths, and land uses × sampling depths interaction. Although the soil inorganic N content at 0 to 0.2 m depth was greatest under NTC, it was not significantly different from CTGC and STC (Table 1) . Soil inorganic N content was significantly lower in grasslands than in croplands at 0 to 0.2 m depth, while it did not differ significantly between GNP and CCG and among land uses at 0.2 to 0.4 m depth.
Discussion
Healthy soils are integral to the sustainable agriculture because they provide multiple agronomic and environmental functions such as SOM formation and stabilization, nutrient cycling, erosion control, and soil water conservation to support crop production and maintain environmental quality (Magdoff and Van Es, 2009; Cano et al., 2018) . Recent interest in improving soil health has emphasized the development of cost effective and management sensitive soil function indicators such as labile and stable SOM components under diverse land uses. The SOM content typically decreases after the native grasslands are converted to croplands. Studies have shown approximately 35% decrease in SOC during the first 50 yr after native grasslands were converted to croplands (Rasmussen et al., 1998) and up to 63% decrease in 80 yr of grassland cultivation (Ghimire et al., 2015) . In line with that, we observed lower SOC content in NTC and STC, which involved intensive tillage until 2013, than in grasslands. The CTGC that integrate livestock in cropping system had an intermediate SOC content between CCG and NTC, suggesting that light grazing may improve SOC and soil health status in semiarid drylands. Livestock feces and urine, rich in C and N content, could probably help SOC accumulation and soil microbial proliferation in the grazed systems. The light grazing also stimulates aboveground and belowground plant growth and root Soil bulk density (Db), soil organic carbon (SOC), particulate organic matter (POM), permanganate oxidizable carbon (POXC), and soil inorganic N as influenced by various land uses in soil surface (0-0.2 m) and subsurface (0.2-0.4 m) 
----CTGC † 1.13 ± 0.04 ‡ 1.23 ± 0.03 21.3 ± 1.64bcA 16.8 ± 0.19aB 15.3 ± 4.45bA 5.05 ± 1.24aB 0.83 ± 0.02 0.93 ± 0.03 27.4 ± 4.26aA 8.24 ± 0.93aB NTC 1.23 ± 0.07 1.32 ± 0.03 18.7 ± 0.88cdA 16.6 ± 0.27aA 10.6 ± 2.68bcA 2.50 ± 0.33aB 0.90 ± 0.01 0.93 ± 0.03 29.4 ± 5.9aA 6.51 ± 1.03aB STC 1.19 ± 0.05 1.30 ± 0.01 16.3 ± 1.14dA 15.4 ± 0.44aA 8.52 ± 1.37bcA 2.41 ± 0.42aA 0.95 ± 0.01 0.95 ± 0.01 21.4 ± 4.03aA 7.47 ± 1.7aB GNP 1.06 ± 0.05 1.15 ± 0.06 27.3 ± 2.90aA 17.7 ± 0.79aB 25.6 ± 4.38aA 3.70 ± 0.68aB 0.92 ± 0.07 0.93 ± 0.04 7.13 ± 1.30bA 3.49 ± 0.29aA CCG 1.08 ± 0.03 1.18 ± 0.06 23.9 ± 2.18abA 17.8 ± 1.20aB 8.15 ± 1.58cA 2.57 ± 0.66aA 0.88 ± 0.01 0.88 ± 0.03 12.2 ± 1.60bA 5.53 ± 0.70aA † CTGC = conventional-tilled winter grazed cropland; NTC = no-tilled cropland; STC = strip-tilled cropland; GNP = grazed native pasture; CCG = cropland converted to grassland. ‡ Mean values (± SE) followed by different lowercase letters in each column indicate a significant difference between land uses within a soil depth, and the different uppercase letters in a row indicate significant difference between depths within a land use system (P < 0.05). exudation, ultimately leading to increased SOC accumulation and improved soil health and resilience (Ingram et al., 2008) .
There is a direct relationship between C inputs from residues, C amendments, and SOC stabilization and soil aggregation (Kong et al., 2005) . The low WAS and the intermediate SOC and POM in CTGC compared with other land uses suggest that the majority of SOC and POM were not incorporated within soil aggregates. The lower WAS in CTGC was probably related to soil aggregate disruption due to tillage operations (Mikha et al., 2013) . Our observation is supported by previous research showing that the mechanical disturbance of tillage prevents the formation and stabilization of macroaggregates (Six et al., 2000) . However, greater SOC content in CTGC than in the other two cropland systems is in contrast to previous studies (e.g., Wright et al., 2007) in which reduced tillage management increased soil C and N compared with conventional tillage. The NTC and STC in this study was under intensively tilled winter wheat-sorghum-fallow rotation with no livestock grazing until 2013 while CTGC was winter grazed. In addition, the differences in the results obtained in our study compared with Wright et al. (2007) could be related to the grazing component that was present in CTGC in this study. Tillage and livestock hoof impacts may have brought crop residues in contact with soil, while the urine and fecal materials of the grazing animals contributed to N cycling, thereby increasing the residue decomposition and enhancing the SOC levels in the CTGC (Wright and Hons, 2004) .
The effects of diverse land uses on SOC content were more pronounced in the soil surface (0-0.2 m) than the subsurface (0.2-0.4 m), implying maximum soil biological activity associated with soil C and nutrient cycling occurring in the surface soil (Lorenz and Lal, 2005) . Labile SOM fractions, specifically POM (turnover time <1 yr), followed the similar pattern of distribution as SOC content, supporting the previous finding of the important role livestock could play in soil biogeochemical cycling and SOC accumulation in arid and semiarid drylands (Bronson et al., 2004) . In contrast to our hypothesis that grassland and conservation tillage systems (NTC and STC) would improve POXC, no significant difference between land uses was found, while a significantly greater POXC/SOC ratio was found in STC compared with all other land uses. This was mainly due to low SOC content in STC. Similarly, POM content in CCG was surprisingly low. The SOC in CCG may have been mostly derived from root biomass C. Studies show that root-derived C stabilizes much faster than aboveground residue C, leading to accumulation of more SOC in the soil profile (Rasse et al., 2005) . Mechanical soil disturbance and application of N fertilizer in croplands also increased N mineralization from the soil and, thereby, increased soil inorganic N in croplands. Restoring grasslands and integrating livestock with crops could be important strategies to improve soil health and resilience in semiarid regions of the southern High Plains. Evaluation of different SOM pools, nutrients, and soil structural stability is necessary to better distinguish soil health across land uses in semiarid drylands.
